Measurement of serum bile acid concentrations has long been expected to provide important information concerning hepatic and biliary tract disease because the formation and metabolism of these compounds is so closely associated with liver cell function. Contrary to expectations, however, serum bile acid determinations (chiefly cholic acid) have been of little value in the study of hepato-biliary disorders. After a careful study of serum cholates in liver disease, the conclusions of Sherlock and Walshe amply confirm this point (1). General experience, moreover, as listed in Table I , shows that there has been no uniform agreement concerning either the quantity or nature of the bile acids alleged to be present in normal serum. These shortcomings, rather than difficulties in quantitation, probably explain why serum bile acid determinations have not gained wider acceptance as a laboratory aid in the study of jaundice and liver disease.
Measurement of serum bile acid concentrations has long been expected to provide important information concerning hepatic and biliary tract disease because the formation and metabolism of these compounds is so closely associated with liver cell function. Contrary to expectations, however, serum bile acid determinations (chiefly cholic acid) have been of little value in the study of hepato-biliary disorders. After a careful study of serum cholates in liver disease, the conclusions of Sherlock and Walshe amply confirm this point (1) . General experience, moreover, as listed in Table I , shows that there has been no uniform agreement concerning either the quantity or nature of the bile acids alleged to be present in normal serum. These shortcomings, rather than difficulties in quantitation, probably explain why serum bile acid determinations have not gained wider acceptance as a laboratory aid in the study of jaundice and liver disease.
In order to investigate these discrepancies, studies were done in this laboratory which showed that bile acids are demonstrable by paper chromatography in most normal human sera and that these acids are the same as those in bile and occur in approximately the same relative proportions (2, 3) . A method for the simultaneous quantitation of the two major bile acid types was then devised and is described in the following sections. We found, as had previous investigators, that the serum concentrations of either the trihydroxy or dihydroxy bile acids were commonly elevated in patients with hepatobiliary disease, and although this information was not especially helpful, it soon became apparent that the ratio of the two main bile acid types often separated the patients into two groups. Those with predominantly hepatocellular injury had a trihydroxy-dihydroxy ratio of less than one, whereas those with obstructive jaundice 1 Supported in part by a grant (A-713) from the United States Public Health Service. usually had a ratio of greater than one. The significance of this ratio was briefly described in an earlier communication (4) and has been confirmed in a recent study by Rudman and Kendall (5) . These investigators separated trihydroxy and dihydroxy acids by column chromatography and found that the dihydroxy acids predominated in the sera of patients with Laennec's cirrhosis, whereas patients with obstructive jaundice tended to have higher concentrations of trihydroxy acids. Schiff (6) has reported similar results employing the method described in this paper.
METHODS
Certain features of the serum extractions described by Josephson (7) and Minibeck (8) were incorporated into a method employing alkaline hydrolysis. Briefly, this consists of precipitating serum proteins with alcohol and barium, separation of fats and neutral sterols from bile acids by partitioning between equal volumes of petroleum ether, ether, ethanol and water, and alkaline hydrolysis of the bile acids in the aqueous phase. The quantities of unconjugated trihydroxy and dihydroxy bile acids thus obtained were measured by ultraviolet spectrophotometry using the conditions described by Mosbach, Kalinsky, Halpern and Kendall (9) which permit a simultaneous differential analysis of these two bile acid types.
Preparation of reagents. The barium solution was prepared by adding 25 Gm. of anhydrous Ba (OH)2 to 400 ml. of distilled water. The solution was heated, filtered and then 4 Gm. of anhydrous barium acetate was added. After cooling, the saturated solution is stable for months. The concentration of the sodium hydroxide solution was 8 per cent by weight in water. The 65 per cent sulfuric acid solution was prepared by combining 169 ml. reagent grade concentrated sulfuric acid (95 to 98 per cent) with distilled water in a 250 ml. volumetric flask. The petroleum ether used was Skelly Solve B (boiling point 60 to 68). It was found that peroxides greatly distort the bile acid absorption spectrum and hence it is important that the ether be peroxide free.
Procedure. One ml. of barium solution was added to 26 ml. of 95 per cent ethanol in a 50 ml. centrifuge tube marked at 30 ml. (Tube A, Figure 1 ). To this mixture, 3 In correcting for background absorption, it was necessary to assume that this absorption changes linearly between the wave lengths used. This assumption is probably not strictly correct but approximates the facts closely enough to provide a more accurate answer than would result if this correction were not made. The amount of deoxycholic acid in normal human serum is quite small, when compared with chenodeoxycholic acid, as judged from paper chromatograms, and for this reason the absorption maximum for chenodeoxycholic acid (380 mpA) was used for the calculations. The absorption maximum for deoxycholic acid is at 385 mg. The optical density at this wave length, however, is only slightly greater than at 380 mu; consequently the error involved is slight and does not contribute significantly to the total error of the method. Plotting the spectrum aids in detecting any erroneous optical density values caused by a disproportionately high background or inexplicable absorption peaks.
Standard glassware is used except that two of the four tubes (Tubes B and C, Figure 1 ) have ground glass tops which fit the separatory funnel. This simple modification reduces the amount of glassware needed for the procedure and greatly improves recoveries. It also permits the use of a convenient evaporating head consisting of an arm for attaching a suction line and a capillary tube (Figure 1 ). 
Experimental
The The serum bile acid concentrations in these healthy subjects did not vary significantly with age or sex and serial determinations showed no trends which could be correlated with eating or diurnal changes.
The trihydroxy-dihydroxy concentration ratio, to be discussed later, is significant only when the concentration of at least one bile acid type is elevated above the normal range. The average ratio for the 30 healthy subjects was 1.9 but the range extended from 0 to 6. This is because the error of the method and the standard deviations are of the same order of magnitude as the normal values, and consequently a wide range of ratios may occur in a healthy person by chance alone. The ratio becomes important, however, when the concentrations are elevated, as will be demonstrated in the following sections.
Patient material. In the two year period from July, 1955, through July, 1957, bile acid determinations were made on sera of 41 patients in whom the diagnosis of biliary obstruction or parenchymal liver disease was confirmed by laparotomy, biopsy, peritoneoscopy or autopsy and all of these are included in this report.
RESULTS

Biliary obstruction
There were 12 patients who had carcinoma or stone obstructing the bile ducts (Cases 1 to 12, Table II ). All had elevated serum bile acid concentrations with a relatively greater increase in the trihydroxy acids resulting in a trihydroxydihydroxy ratio which was greater than 1 in all cases. An example of the ultraviolet absorption spectrum of the bile acids in the serum of a patient with biliary obstruction, Case 1, is shown in the center panel of Figure 6 . For Figure 6 are of the same order of magnitude. The severity of the liver damage associated with this reversed bile acid ratio has been clearly demonstrated to us by the fact that slightly less than one-half the patients died within a few weeks or months following this reversal (Cases 19 to 39 ). An additional one-fourth are in the terminal stages of their illness.
The reversed ratio also occurs during acute liver injury and will return to one had jaundice for two months. No stigmata of chronic liver disease were present and there was no ascites. The patient became confused on the fourth hospital day and died in coma on the eighth hospital day. The serum bile acids were determined two days after admission while the patient was alert, active and had no signs to suggest that she would die in a few days. The approximately 50-fold increase of dihydroxy acids above normal, however, with a comparatively minor rise of trihydroxy acids, strongly suggested the extensive liver damage which was subsequently found at autopsy as shown by the photomicrograph in Figure 7 . A similar disproportionate rise in the serum dihydroxy acids was noted in Case 32, a 19 year old girl. In this instance, the ultraviolet absorption spectrum of the serum resembled very closely that of pure chenodeoxycholic acid, which was easily separated from her serum by means of paper chromatography. This girl died in hepatic coma four weeks later.
DISCUSSION
From the material presented, there are several observations which deserve emphasis. The first of these is that the differential analysis of the two bile acid types provides more valuable information than the measurement of only a single bile acid. This is so because the ratio of the concentration of the two major types of bile acids is of greater importance than their individual concentrations. If only the trihydroxy bile acid concentration (mostly cholic acid) is compared with the other liver function studies shown in Table II , it is clear that relatively little helpful information is obtained concerning either the liver's condition or the cause of the jaundice. This was also the conclusion Sherlock and Walshe made from their careful study of serum cholates in liver disease (1) . When both types of bile acids are measured, however, differences in the quantitative relationships between the two types, simply expressed as the trihydroxy-dihydroxy ratio, immediately become of some importance, especially as a measure of the extent of liver injury. When liver damage is extensive, the ratio ranges from less than 1 to 0.
With biliary obstruction, on the other hand, serum bile acid concentrations increase, but the ratio will be greater than one, sometimes reaching a It should be stressed at this point that serum bile acid determinations as described in this paper will not disclose the location of the biliary obstruction and thus will not provide an answer to the often difficult question of whether the jaundice must be dealt with surgically or treated medically; in other words, whether the disease involves the smaller biliary radicals within the liver, or the extrahepatic bile ducts.
Pruritis
The relationship of bile acids to the pruritis of jaundice is by no means clarified by this study. Bile acid concentrations were found to be elevated in the sera of all jaundiced patients who had pruritis, but no pruritis occurred at any time in several patients who had very high serum bile acid concentrations (Cases 2, 33).
In order to study this point more fully, a patient with alcoholic cirrhosis (Case 41) was fed one Gm. of pure cholic acid in a gelatin capsule daily for seven days, at which time the serum trihydroxy acid reached a concentration of 73.3 pg.
per ml., a value exceeding that which accompanied itching in other individuals, but no pruritis occurred in this patient. It is well known, of course, that the administration of commercial bile salt preparations to some jaundiced subjects will pro-duce pruritis (12) , but practically all such preparations, except those composed of dehydrocholic acid only, contain other constituents of the bile besides bile acids. Obviously the question of whether elevated serum bile acid concentrations are only associated with pruritis or actually cause it will require additional information before a definite answer can be provided.
The bile acid ratio Mechanisms responsible for the reversed bile acid ratio in severe liver injury have not been elucidated. From the information at hand it is not unreasonable to suspect that the activity of a 12 a-hydroxylating enzyme is deficient. Bergstrom and Sjovall (13) and Mahowald and associates (14) have shown in rats that chenodeoxycholic acid is not an intermediate in the formation of cholic acid. Bergstrom (15) has also demonstrated that 3a, 7a-dihydroxycoprostane is readily converted to cholic acid as well as chenodeoxycholic acid in rats. If these pathways of bile acid synthesis in the rat are also important routes in the human liver then the increased serum concentration of chenodeoxycholic with liver injury may result from degradation of the side chain of the molecule to a 24 carboxy acid before hydroxylation at the 12 a position can occur. Evidence to support such speculation is provided by the observation (16) that the 12 position is less vulnerable to oxidation than the 7 position, partly because of hindrance by the angular methyl group at Carbon 13 (17) . The enterohepatic return of predominantly dihydroxy bile acids to the damaged liver, which cannot re-excrete them normally, would also contribute to the quantity of dihydroxy acid in the serum. A more prolonged exposure of bile acids to these hydroxylating enzymes has been suggested by Rudman and Kendall (5) 2. With severe liver injury a disproportionate increase in the dihydroxy bile acid concentration reduced the trihydroxy-dihydroxy ratio to less than 1.0.
3. Persistence of this reversed ratio is frequently followed by coma, death or both. When the ratio is only temporarily reversed, as with acute or transient liver injury, improvement or recovery of the patient is paralleled by a rise in the ratio towards a value of 1.0 or more. This is helpful in estimating the extent of liver injury and monitoring its course.
4. With biliary obstruction, whether intra-or extrahepatic, the serum bile acid concentrations are increased but the ratio remains greater than 1.0.
